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Background: Globally, pneumonia is an infectious disease with high morbidity and mortality 
rates. It causes one of five deaths in children under five years old worldwide. Approximately 61 
million new cases of pneumonia in Sout East Asia occur annually. This study aimed to examine risk 
factors of pneumonia among children under five in Karanganyar, Central Java. 
Subjects and Method: This was an analytic observational study with case control design. The 
study was conducted in Karanganyar District, Central Java, from October to November, 2017. 
Study subjects were selected by fixed disease sampling consisting of 68 children under five years 
old with pneumonia and 136 without pneumonia. The dependent variable was pneumonia. The 
independent variables were nutritional status, exclusive breastfeeding, maternal stress, type of 
labour, maternal education, maternal job status, family income, number of children, quality of 
house, quality of environment, and indoor smoke exposure. The data was collected by 
questionnaire and analyzed by path analysis.  
Results: The risk of pneumonia increased with indoor smoke exposure (b= 2.57; 95% CI= 1.54 to 
3.60; p< 0.001), number of children ≥3 (b= 1.34; 95% CI= 0.45 to 2.24; p= 0.003), and maternal 
stres during pregnancy (b= 1.02; 95% CI= 0.16 to 1.88; p= 0.019). The risk of pneumonia 
decreased with good house environment (b= −0.95; 95% CI= −1.80 to –0.09; p= 0.030), healthy 
behavior (b= −1.21; 95% CI= −2.09 to −0.33; p= 0.007), and good nutritional status (b= −1.91; 95% 
CI= −2.92 to −0.90; p<0.001). The risk of pneumonia was indirectly affected by exclusive 
breastfeding, history of Caesarean section , maternal education, maternal working outside the 
house, family income, and good quality of house. 
Conclusion: The risk of pneumonia increases with indoor smoke exposure, but decreases with 
good house environment, healthy behavior, and good nutritional status.  
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BACKGROUND 
Good health is a fundamental right of every 
child worldwide. Children with poor health 
often get the infectious disease such as 
pneumonia. About 5.9 million children 
under five died in 2015 and nearly half were 
caused by pneumonia (14%), diarrhea 
(10%), malaria (7%), AIDS (2%) and 
measles (1%) (WHO dan UNICEF, 2013; 
UNICEF, 2016a). 
Pneumonia is an acute respiratory 
infection that adversely affects the lungs. It 
is caused by viruses, bacteria, or fungi. 
These infections are commonly spread from 
direct contact with infected persons, usually 
by hand or inhaling droplets due to 
coughing or sneezing (WHO, 2016a; Jones 
et al., 2016). 
Pneumonia is an infectious disease 
that causes deaths among children under 
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five. About 935,000 children died every 
year or equivalently more than 2,500 died 
per day (WHO, 2015). The World Health 
Organization estimates 156 million new 
cases of childhood pneumonia annually. 
About 20 million are severe cases and 61 
million new cases occurred in Southeast 
Asia (Rudan 2008; Ferdous, 2014). 
Africa (30%) and Southeast Asia 
(39%) were regions in the world with the 
highest incidence and severity of 
pneumonia cases (Zar et al., 2013). Basic 
Health Survey (RISKESDAS) conducted by 
Ministry of Health Indonesia reported that 
pneumonia prevalence among children 
under-five was 2.13% in 2007 and 1.8% in 
2013 (Indonesia Ministry of Health, 2013). 
Incidence of pneumonia among infants in 
Indonesia reached 503,738 cases (57.84%) 
in 2016 (Indonesia Ministry of Health, 
2017). 
The incidence of pneumonia cases in 
children under five in Central Java in 2016 
was 20,662 (17.49%) (Indonesia Ministry of 
Health, 2017). In 2016, there were 913 
pneumonia cases in children under five 
(Karanganyar District Health Office, 2016). 
Based on a preliminary study conducted by 
Karanganyar District Health Office, the 
incidence of pneumonia among children 
under five from January to June 2017 was 
304 cases.  
Studies have shown, the risk factors 
for pneumonia in children in developing 
countries include malnutrition, lack of 
exclusive breastfeeding, incomplete measle 
immunization, premature birth, HIV 
infection, low family socioeconomics level, 
comorbidy, smoke exposure, and infection. 
Maternal education, vitamin A deficiency, 
as well as environmental factors such as 
indoor air pollution, occupancy density, 
and parental smoking, can increase the risk 
of child pneumonia. The indoor smoke 
exposure can stem from cooking and 
heating activities with biomass fuel (such as 
wood or dirt). Other diseases such as 
malaria and diarrhea can be important 
factors that contribute to the susceptibility 
to pneumonia among children under five in 
developing countries. A good under-
standing of risk factors for pneumonia is 
important to reducing morbidity and 
mortality rates of pneumonia among 
children under five (Wojsyk dan Brębo-
rowicz, 2013; Roomaney et al., 2016; 
British Lung Foundation, 2016; Abuka, 
2017; Caggiano et al., 2017). 
According to Boccolini et al. (2011), 
death from pneumonia can be prevented by 
breastfeeding. Exclusive breastfeeding in 
developing countries can reduce the risk of 
diseases such as asthma and pneumonia. 
Pneumonia can also be prevented by 
pneumococcal vaccination and good 
nutritional status, which can be promoted 
by optimal breastfeeding practice and 
appropriate complementary feeding (Saha 
et al., 2016). 
The high prevalence of pneumonia 
suggests that this problem should be 
addressed immediately using an 
appropriate model of assessing various 
factors, involving both direct and indirect 
relationships of variables. This study aimed 
to analyze psychological, environmental, 
and social risk factors on pneumonia, using 
path analysis model. 
 
SUBJECTS AND METHOD 
1. Study design 
This was an analytic observational study 
with a case control design. The study was 
conducted in Jaten, Colomadu, and 
Mojogedang sub-districts, Karanganyar 
district, Central Java, from October to 
November 2017. Source population was 
children under five in Karanganyar district, 
Central Java.  
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A sample of 204 children under five 
was selected for this study by fixed disease 
sampling consisting of 68 children with 
pneumonia and 137 children without 
pneumonia, with 1:2 ratio. 
2. Study variables 
The dependent variable was pneumonia. 
The independent variables were healthy 
behavior, nutritional status, stress during 
pregnancy, type of labor, exclusive breast-
feeding, education, employment, family 
income, number of children, house 
environment, indoor smoking, and quality 
of house. 
3. Operational Definition of Variables 
Pneumonia was defined as children under 
five who suffered from prolonged cough, 
fever, and difficulty breathing diagnosed by 
doctor and based on medical assessment. 
The data were taken from medical record. 
The measurement scale was categorical, 
coded 0 as non-pneumonia and 1 as 
pneumonia. 
House environment was defined as 
the condition of facility and infrastructure 
in the residential environment such as 
drainage, clean water, waste management, 
and house condition. The data were 
collected by questionnaire and direct 
observation. The measurement scale was 
continuous, but for the purpose of data 
analysis it was transformed into 
dichotomous coded 0 for poor condition 
and 1 for good condition. 
Healthy behavior was defined as 
personal hygiene which include proper 
manner in coughing, sneezing, and spitting 
inside the house, as well as opening window 
regularly. The data were collected by 
questionnaire. The measurement scale was 
continuous, but for the purpose of data 
analysis it was transformed into 
dichotomous coded 0 for unhealthy 
behavior and 1 for healthy behavior. 
Nutritional status was defined as the 
nutritional status of children under five 
calculated from weight for age (WAZ) 
measurement and compared with WHO Z-
score. The data were taken from maternal 
and child monitoring book. The data were 
continuous, but for the purpose of data 
analysis it was transformed into dichoto-
mous coded 0 for underweight and 1 for 
normal weight. 
Indoor smoke was defined as the level 
of smoke exposure in the household coming 
from various sources such as kitchen stove 
and cigarette smoke. The data were 
collected by questionnaire. The measure-
ment scale was continuous, but for the 
purpose of data analysis it was transformed 
into dichotomous coded 0 for low indoor 
smoke and 1 for high indoor smoke. 
Maternal stress during pregnancy was 
defined as stressful conditions over the last 
12 months triggered by a residential and 
cultural environment that disrupt maternal 
psychological state during pregnancy. The 
data were collected by questionnaire. The 
measurement scale was continuous, but for 
the purpose of data analysis it was 
transformed into dichotomous coded 0 for 
low stress and 1 for high stress. 
Type of labor was defined as the type 
of labor chosen by the mother to deliver the 
infant. It involved the process of movement 
of the fetus, placenta, and membrane from 
the uterus by normal delivery or surgery. 
The measurement scale was categorical and 
coded 0 for normal delivery and 1 for 
Caesarean section. 
Exclusive breastfeeding was defined 
as infant receiving only breast milk from 
birth to 6 months of age. No other liquids 
or solids are given – not even water – with 
the exception of oral rehydration solution, 
or drop/syrup of vitamin, mineral or 
medicine. The measurement scale was 
categorical and coded 0 for non exclusive 
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breastfeeding and 1 for exclusive 
breastfeeding. 
Maternal education was defined as 
the highest attained formal education level 
by the mother. The measurement scale was 
categorical and coded 0 for <senior high 
school and 1 for ≥senior high school. 
Number of children was defined as 
the number of children who have been born 
by the mother. The measurement scale was 
continuous, but for the purpose of data 
analysis it was transformed into dicho-
tomous coded 0 for <3 and 1 for ≥3. 
Maternal employment was defined as 
activities undertaken by mothers to 
generate income. The measurement scale 
was categorical and coded 0 for maternal 
working at house and 1 for maternal 
working outside the house. 
Family income was defined as the 
average total of family member’s income (in 
Rupiah) every month for the past six 
months. The measurement scale was 
continuous, but for the purpose of data 
analysis it was transformed into dichoto-
mous coded 0 for low family income (<Rp 
2,000,000) and 1 for high family income 
(Rp 2,000,000). 
The quality of house was defined as 
house quality condition consisting of air 
humidity, home ventilation, sufficient light, 
and occupant density. The data were 
collected by questionnaire and direct 
observation. The measurement scale was 
continuous, but for the purpose of data 
analysis it was transformed into 
dichotomous coded 0 for low quality of 
house and 1 for high quality of house. 
4. Data analysis 
Multivariate analysis used path analysis 
model by Stata program. Path analysis used 
to determine the magnitude of direct and 
indirect effects of variables. Path analysis 
steps included model specification, model 
identification, model fit, parameter 
estimation, and respecification. 
5. Research ethics 
The research ethical clearance was granted 
from the Research Ethics Committee at Dr. 
Moewardi Hospital, Surakarta, Central 
Java, Indonesia. Research ethics included 
issues such as informed consent, 




1. Sample characteristics 
Study subject characteristics are described 
in the Table 1. It shows that pneumonia 
among children was mostly in the age ≥24 
months, male, maternal education <senior 
high school, and maternal working outside 
the house. 
 
Table 1. Distribution of sample characteristics by case and control groups 
Characteristic 
 Case Control 
n % n % 
Child age < 24 months 31  (45.6%)  73                   (53.7%) 
≥ 24 months 37        (54.4%) 63                   (46.3%) 
Sex  Female  23  (33.8%) 63  (46.3%) 
Male  45                   (66.2%) 73                   (53.7%) 
Maternal education  <senior high school 37        (54.4%) 53  (39.0%) 
≥senior high school 31                   (45.6%) 83  (61.0%) 
Maternal employment Working in house 32     (47.1%) 88 (64.7%) 
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Table 2 shows sample sociodemographic 
characteristics. This study selected sample 
by fixed disease sampling with case: control 
ratio= 1:2, resulting in 68 cases (33.3%) of 
pneumonia and 136 controls (66.7%). This 
high proportion of pneumonia cases does 
not necessarily reflect the true prevalence 
of pneumonia cases in the study 
population, but rather an implication of the 
way the sample was selected, i.e. fixed 
disease sampling. 
The proportion of children exposed 
(48.5%) and not exposed (51.5%) to indoor 
smoke was about equal. The proportion of 
study subjects with healthy behavior 
(68.1%) out-numbered those with 
unhealthy behavior (31.9%). Likewise, 
families with <3 children (63.7%) out-
numbered those with ≥3 children (36.3%). 
Percent of children under study with 
normoweight (69.1%) was higher than 
those with underwight (30.9%). 
Table 2. Sample sociodemographic characteristics 
 Variable n % 
1 Pneumonia in children under five   
 No 136 66.7 
 Yes 68 33.3 
2 Indoor smoke   
 Not exposed 105 51.5 
 Exposed 99 48.5 
3 Environment quality   
 Good 115 56.4 
 Poor 89 43.6 
4 Nutritional status   
 Normoweight 141 69.1 
 Underweight 63 30.9 
5 Exclusive breastfeeding   
 Yes 97 47.5 
 No 107 52.5 
6 Maternal stress during pregnancy   
 Low 112 54.9 
 High 92 45.1 
7 Number of children   
 < 3  130 63.7 
 ≥ 3 74 36.3 
8 Healthy behavior   
 Yes 139 68.1 
 No 65 31.9 
9 Type of labor   
 Normal 136 66.7 
 Caesarean section 68 33.3 
10 House quality   
 Good 104 51.0 
 Poor 100 49.0 
11 Education   
 ≥Senior high school 114 55.9 
 <Senior high school 90 44.1 
12 Employment status   
 Work inside house 120 58.8 
 Work outside house 84 41.2 
13 Income   
 High ≥Rp 2,000,000 105 51.5 
 Low < Rp 2,000,000 99 48.5 
 
Journal of Epidemiology and Public Health (2018), 3(1): 25-40 
https://doi.org/10.26911/jepublichealth.2018.03.01.03  
30   e-ISSN: 2549-0273 (online) 
2. Bivariate Analysis 
Figure 1 showed the difference in percent of 
Pneumonia case by indoor smoke exposure 
status. Percent of pneumonia case was 
much higher in the exposed group than the 
non-exposed group, suggesting that indoor 
smoke exposure is an important risk factor 










































Figure 1. Difference in Percent of Pneumonia 
Case by Indoor Smoke Exposure Status 
 
Figure 2. Difference in 
Percent of Pneumonia Case 
by Healthy Behavior Status 
 
Nikmah et al./ Indoor Smoke Exposure and Other Risk Factors of Pneumonia 
e-ISSN: 2549-0273 (online)   31 
Figure 2 showed the difference in 
percent of Pneumonia case by healthy 
behavior status. Percent of pneumonia case 
was much higher in the unhealthy behavior 
group than the healthy behavior group, 
suggesting that healthy behavior is an 
important risk factor of pneumonia in 
children under five under study. 
3. Path Analysis 
Path analysis model was run on Stata 13 
program. The number of observed variable 
in the path model was 13, endogenous 
variables 8, and exogenous variables 4. 
Degree of freedom (df) value was 67 (over 
identified) indicating that path analysis 
model can be performed. 
The path structural model with 
estimation is depicted in Figure 1. The 
results of path analysis model are reported 












Figure 1. Structural model with estimate 
 
Table 2 shows that indoor smoke (b= 2.57; 
95% CI= 1.54 to 3.60; p< 0.001) and 
number of children ≥3 (b= 1.34; 95% CI= 
0.45 to 2.24; p= 0.003) increased the risk 
of pneumonia in children under five. 
Good nutritional status (b= −1.91; 
95% CI= − 2.92 to – 0.90; p<0.001), 
exclusive breastfeeding (b= −1.19; 95% CI= 
− 2.09 to – 0.28; p= 0.010), low maternal 
stress during pregnancy (b= 1.02; 95% CI= 
0.16 to 1.88; p= 0.019), healthy behavior 
(b= − 1.21; 95% CI= −2.09 to –0.33; p= 
0.007), and good quality environment (b= 
−0.95; 95% CI= − 1.80 to – 0.09; p= 
0.030) lowered the risk of pneumonia in 
children under five. 
Exclusive breastfeeding increased 
nutritional status of children under five (b= 
0.65; 95% CI= 0.04 to 1.26; p= 0.036). 
Maternal stress during pregnancy (b= 
−0.65; 95% CI= −1.22 to –0.08; p= 0.024) 
and Caesarean sectio (b= −0.59; 95% CI= 
−1.20 to <0.01; p= 0.053) lowered 
exclusive breastfeeding. 
Good quality of house lowered indoor 
smoking (b=−1.79; 95% CI= −2.40 to –1.19; 
p<0.001). Good quality house also 
increased environment quality (b= 1.53; 
95% CI= 0.94 to 2.13; p<0.001).  
Maternal education ≥senior high 
school lowered the likelihood of having 
children ≥3 (b= −0.71; 95% CI= −1.29 to –
0.14; p= 0.015). Maternal education 
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≥senior high school increased the like-
lihood of maternal working outside the 
house (b= 0.67; 95% CI= 0.09 to 1.24; p= 
0.022). Maternal working outside the 
house increased family income (b= 0.89; 
95% CI= 0.31 to 1.46; p= 0.002). 
High family income increased the 
likelihood of healthy behavior (b= 0.68; 
95% CI= 0.08 to 1.27; p= 0.026). 
Table 2. The results of path analysis on the effects of indoor smoke exposure and 
other factors on the risk of Pneumonia in children under five 
Dependent 
variable 










Pneumonia  High indoor smoke  2.57 1.54 3.60 < 0.001 
Pneumonia  Good house 
environment  
− 0.95 − 1.80 − 0.09 0.030 
Pneumonia  Normal nutritional 
status  
− 1.91 − 2.92 − 0.90 < 0.001 
Pneumonia  Exclusive breastfeeding − 1.19 − 2.09 − 0.28 0.010 
Pneumonia  High stress level during 
pregnancy 
1.02 0.16 1.88 0.019 
Pneumonia  Number of children ≥3 1.34 0.45 2.24 0.003 




 Exclusive breastfeeding  0.65 0.04 1.26 0.036 
Exclusive 
breastfeeding 
 High stress level during 
pregnancy  
− 0.65 − 1.22 − 0.08 0.024 
Exclusive 
breastfeeding  
 Caesarean section labor 
 
− 0.59 − 1.20 − 0.00 0.053 
High indoor smoke   Good quality of house  − 1.79 − 2.40 − 1.19 < 0.001 
Good house 
environment  
 Good quality of house  1.53 0.94 2.13 < 0.001 
Number of children 
≥3  
 Maternal education 
≥senior high school  
− 0.71 − 1.29 − 0.14 0.015 
Mother working 
outside the house  
 Maternal education 
≥senior high school  
0.67 0.09 1.24 0.022 
High family income  Mother working outside 
the house  
0.89 0.31 1.46 0.002 
Healthy behavior  High family income 0.68 0.08 1.27 0.026 
N Observation= 204 
Log Likelihood= − 1105.25 
 
DISCUSSION 
1. The association between house 
environment condition and 
pneumonia 
The result of this study indicated that a 
good home environment decreases the 
incidence of pneumonia in infants. The 
result of this study is in line with the study 
by Wahyuningsih and Yulianti (2015) which 
states that a well-maintained home envi-
ronment can prevent transmission of 
infectious diseases including Acute 
Respiratory Infection in infants. 
The home environment as a determi-
nant of human health includes clean water 
facilities, waste management, and healthy 
homes. Physical quality (infrastructure and 
utility devices), as well as the environment, 
have an important role in house 
settlements (Widjayanti, 2007). 
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Good environmental condition can 
positively affect the realization of good 
health status. Conversely, a bad environ-
ment can trigger the occurrence of various 
diseases, especially infectious diseases 
(Fitriyani, 2008). 
As much as 49.4% of the environmen-
tal condition of the house in the case 
(pneumonia) group was poor. Studies have 
found that the high incidence of pneumonia 
was caused by semi-permanent house. The 
location of the cattle stable was in the front 
yard, causing the smell of manure and 
making the air polluted. Garbage dumps 
were not available in some house 
environment and some people through 
garbage into the river near the house 
environment.  
2. The association between healthy 
behavior and pneumonia 
The result of this study indicated that 
healthy behavior that include coughing, 
sneezing, and spitting affect the decrease in 
the incidence of pneumonia in infants. The 
result of this study is in line with study by 
Luby (2005) which reported that healthy 
behavior that include coughing, sneezing, 
and spitting was associated with decreased 
incidence of pneumonia in infants. 
According to Kamm et al. (2014), 
washing hands with soap can prevent child 
mortality caused by two major killer 
diseases of pneumonia and diarrhea. Hand-
washing behavior using soap with water 
can remove dirt and pathogen in the hand, 
physically it can reduce the transmission of 
pathogen. According to Ghimire (2012), 
hand hygiene and breathing are important 
in minimizing the spread of most of the 
infecting organisms of Upper Respiratory 
Tract Infection and pneumonia. Hand-
washing using water and soap can reduce 
the incidence of Upper Respiratory Tract 
Infection and pneumonia by 50%.  
3. The association between nutrition-
al status and pneumonia 
The result of this study indicated that 
normal nutritional status decreases the 
incidence of pneumonia in infants. The 
result of this study is consistent with Efni 
(2016) which stated that nutritional status 
is a risk factor for the pneumonia 
occurrence. Malnutrition inhibits the 
formation of specific antibodies and also 
interferes with lung defense. Bacteria or 
viruses easily enter the body of an 
individual with low body resistance or 
immunity. Poor nutritional status lowers 
the immune system and weakens the 
respiratory muscles, so children with poor 
nutrition status are more susceptible to 
Upper Respiratory Tract Infection 
compared with good nutritional status 
(Cheers, 2016). 
Poor nutritional status can cause the 
child to become thin, weak, and susceptible 
to various infectious diseases caused by 
epithelial integrity and inflammation 
(Wicaksono, 2015). A lack of energy or 
protein intake is usually associated with a 
deficiency of certain vitamin and mineral. 
This problem often causes infectious 
diseases such as diarrhea and pneumonia of 
children under five. Children with poor 
nutritional status have a weaker immune 
response than those with good nutritional 
status, resulting in more severe infectious 
diseases (Ramezani, 2015). 
The study found that as many as 
55.6% of the pneumonia case group had 
poor nutritional status.  
4. The association between indoor 
smoke and pneumonia 
The result of this study indicate that 
exposure to household smoke increases the 
incidence of pneumonia in infants. This 
study is in line with Kumar's (2013) study 
which says that the probability of episodes 
of pneumonia is much higher in children 
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from households using solid fuels for 
cooking than those of households using 
other fuels (OR 1.78; 95% CI ꞊ 1.05 to 2.99). 
Air exposure in homes such as solid fuel use 
has been identified as one of the risk factors 
for pneumonia. Fuelwood or dried animal 
waste is commonly used for cooking in 
rural areas. Children and other family 
members living and sleeping under closed 
or semi-enclosed spaces are particularly 
vulnerable to exposure to particulate 
carbon monoxide, greenhouse gases, and 
other pollutants (Ghimire, 2012). 
Smoking activities for family heads 
and siblings living in one house 
(grandfather, father or sibling's brother) 
can increase tobacco smoke. Cigarette 
smoke itself has a variety of particles, such 
as polycyclic hydrocarbons, carbon mono-
xide, nicotine, nitrogen oxides, and 
acrolein. Such particles can cause ciliated 
epithelial damage, decrease mucociliary 
clearance, suppress phagocyte activity, and 
bactericidal effects, thus disrupting the 
pulmonary defense system (Efni, 2016). 
Praygod et al. (2016) suggest that indoor air 
pollution may increase the risk of pneu-
monia. Exposure to air pollutants 
contained in biomass fuel can increase 
epithelial respiratory attacks and weaken 
the immunity of the patient.  
5. The association between quality of 
house and pneumonia 
The result of this study indicates that good 
home quality decreases exposure to 
household fumes and improves the quality 
of the home environment. This study is in 
line with a study conducted by Juni (2016) 
which says that the quality of the home 
environment (wall type and the presence of 
the ceiling) and Khasanah (2016) which 
says that the environmental conditions in 
the house (the intensity of natural lighting, 
the type of wall house, cooking fuel is 
significantly associated with the incidence 
of pneumonia in infants. 
In addition to malnutrition, a dense 
home environment can increase the spread 
of viruses and bacteria that indicate 
unhealthy home quality thereby contri-
buting to an increased risk of childhood 
pneumonia (Thorn, 2011). Environmental 
conditions are an important component in 
the process of the occurrence of public 
health disorders. The low quality of the 
environment often results in high 
morbidity rates due to infectious diseases 
and parasites such as pneumonia (June, 
2016). Home environment is influenced by 
the quality of the house, where the quality 
of healthy homes is one of the factors that 
affect the health of residents, especially in 
children under five. Healthy or not the 
house has a close relationship with infec-
tious diseases, especially ISPA (Wahyu-
ningsih and Yulianti, 2015). 
This research is also in line with 
research conducted by Anggiani (2016) who 
said that the presence of smokers and the 
use of mosquito burns is related to the 
incidence of pneumonia. Where the house 
as a residence must meet the physical and 
biological requirements to be safe for the 
inhabitants. Anggiani also stated that risk 
factor of pneumonia incidence in under five 
can be influenced by unhealthy house 
condition has 1.7 bigger chance for the 
happening of pneumonia. 
The type of fuel used for cooking is 
related to pollutants or substances that can 
cause air pollution inside the house, 
especially around the kitchen. High indoor 
air pollution from unqualified fuel such as 
fuel wood, charcoal and kerosene can cause 
respiratory tract irritation and affect 
specific and non-specific body defenses in 
the respiratory tract of infants against 
disease pathogens (Shani, 2015). 
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6. The association between maternal 
stress during pregnancy and pneu-
monia 
The result of this study indicates that high 
pregnancy stress decreases exclusive 
breastfeeding which has an effect on 
increasing the incidence of pneumonia. 
This study is in line with the study 
conducted by Dozier (2012) which says that 
there is a relationship between stress and 
exclusive breastfeeding duration. This 
effect is seen in the long duration of breast-
feeding is uncertain whereas breastfeeding 
activities are beneficial for the health of 
toddlers. Low family socioeconomic status 
resulted in pregnancy stress resulting in 
cessation of breastfeeding and disruption of 
breastfeeding (OR꞊ 1.82; 95% CI ꞊ 1.15 to 
2.88) (OR꞊ 2.80; 95% CI ꞊ 1.46 up to 5.37) 
High levels of husband and family 
support (such as emotional support, 
instrumental, and informed support) may 
increase breastfeeding duration. Such 
support is an important reason for the 
advancement in breastfeeding (Li, 2008). 
Chronic stress is associated with serum 
cortisol levels that may affect the immune 
response as well as a shift in the production 
of protein molecules of cytokines that result 
in susceptibility to infection and lactation. 
Cytokines are derived from mammary 
epithelium, lymphocytes, and magrophages 
in milk where the lymphocyte immune 
system is responsible for stressors and the 
mechanisms that affect the production of 
cytokines in milk that can be affected by 
stress (Thibeau, 2016). 
Breastfeeding improves cognitive 
abilities and reduces the risk of infectious 
diseases in children, but the effectiveness of 
administration depends significantly on the 
nutritional state of the mother. As nutri-
tional need increases during pregnancy and 
breastfeeding, it is necessary to increase 
food consumption. Lack of macro and 
micro nutrients in breastfeeding women 
can lead to decreased micronutrient and 
volume of breast milk (Fledder-Johann, 
2016). 
7. The association between Caesare-
an section and pneumonia 
The result of this study indicates that the 
type of labor delivery (Caesarean section) 
decreases the likelihood of exclusive breast-
feeding which eventually may increase the 
risk of pneumonia. This study is in line with 
the study conducted by Regan (2013) which 
reported that women who gave normal 
delivery are 47% more likely to breastfeed 
compared with women who delivered by 
Caesarean (OR꞊1.47; 95% CI ꞊ 1.35 to 1.60). 
The impact of Caesarean delivery is the 
delayed process of lactation so that many 
babies born through Caesarean delivery do 
not receive early support in obtaining 
breast milk that is used as a stimulator for 
intestinal health physiologically. Due to 
non-physiological colonization and early 
food support lost by delayed lactation may 
result in long-term effects. Caesarean 
delivery is also associated with infectious 
diseases such as maternal asthma and 
allergic rhinitis (Neu, 2011). Breastfeeding 
provides benefits to children's health where 
the chances of a child's respiratory illness 
are low. Babies born by Caesarean delivery 
tend not to be in direct contact with the 
skin. Skin-to-skin contact is a factor for 
early breastfeeding initiation and 
prolonged breastfeeding duration (Hobbs, 
2016). 
8. The association between exclusive 
breastfeeding and pneumonia 
The result of this study indicates that 
exclusive breastfeeding improves the 
nutritional status that affects the decreased 
incidence of pneumonia. Research conduct-
ed by Sugihartono and Nurjazuli (2012) 
said that there is a relationship between 
breastfeeding with other fluids at the age of 
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6 days to suffer from pneumonia. The 
practice of exclusive breastfeeding has a 
role in determining the infant's nutritional 
status, cognitive developmental disorders, 
and poor health conditions in the future 
(Kumar and Singh, 2015). 
Nutrition and breastfeeding status are 
closely related. Exclusive breastfeeding for 
up to 6 months has a protective effect on 
the nutritional status of children and breast 
milk is indicated as a complete and 
nutritious food. Breastfeeding can be 
increased until the age of 2 years or older. 
Early weaning can make children suscep-
tible to various diseases such as respiratory 
problems. 
9. The association between maternal 
education and pneumonia 
The result of this study indicates that 
higher maternal education increases the 
likelihood of having a job and decreases the 
number of children in the family. It in turn 
results in decreased incidence of pneu-
monia in children under five. This study is 
in line with the study conducted by 
Pradhan (2016) which reported that there 
is a relationship between maternal edu-
cation and the level of knowledge. 
According to Kurniasari (2017), education 
affects knowledge, attitude, and skill, and it 
in turn affects income level. This means 
that on average the higher the level of one's 
education the more likely that person will 
earn a higher income (Tarigan, 2006). 
10. The association between mater-
nal employment and pneumonia  
The result of this study indicates that work 
outside the home improves family income 
and improves the nutritional status of 
children under five which results in a 
decrease in the incidence of pneumonia 
toddlers. The result of this study is in line 
with Kosai's (2015) study which reported 
that there is a relationship between family 
income and the incidence of pneumonia 
(HR꞊ 1.11; 95% CI ꞊ 1.02 to 1.20). 
The relationship between socioeco-
nomic status and death is most felt when 
income is an indicator of socioeconomic 
status in the family. This difference can be 
explained by differences in social support, 
pre-existing comorbidities and charac-
teristics of infectious diseases suffered 
(Koch, 2013). The results of this study 
found that the work of mothers outside the 
home in the case group of (42.9%) where 
mothers working outside the home is 
greater than working at home mother. Of 
the various types of work done by mothers 
have differences in income earned. Low 
incomes are generally closely related to 
many health problems faced, this is due to 
the inability and ignorance in overcoming 
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